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Process and intermediate useful in the preparation of vitamin Bg 

The present invention relates to a process useful in the preparation of vitamin Bg. More 
particularly^ the present invention relates to the preparation of N-atkoxyoxalyl alanine 
5 alkyl esters (hereinafter : EOAE). Furthermore, the invention also relates to novel 
intermediates occuring in the process of the invention, N-alkoxyoxalyl alanines 
(hereinafter: EOA). . 

There have been numerous reports, patents and publications for the preparation of 
ethoxyoxalyl alanine alkyl esters. The majority of these are two step approaches which 
10 involve first an estexification of alanine under acidic conditions (typically via alanine 
hydrochloride) in the appropriate alcohol. This is followed by neutralization of the 
ammonium salt and amide bond formation with ethoxalyl chloride or diethyloxalate, see, 
e.g., Chem. Ber- 30 (1897), 579; Bull. Chem. Soc. Jap, 42(5) (1969), 1435-7; and patent 
publications, FR 1 533 817 and JP 43010614. 

15 A one step approach to prepare EOAE directly from alanine is disclosed in PR 2 010 601. 
Here in the examples, importantly, when diethyloxalate was generated in situ with excess 
oxalic add (3 eq.) in ethanol, in addition to the desired EOAE, N-formyl alanine ethyl 
ester, (NFAE), was produced as a by-product in up to 10 % under these conditions. The 
research group later disclosed a modified one step approach in Bull. Chem. Soc. Jpn. 45, 

20 (1972), 1917-1918, which minimized the formation of N-formyl alanine ethyl ester to trace 
levels. This synthesis combined alanine with 1 eq. oxalic acid and 5 eq. diethyloxalate. The 
reaction was performed using ethanol as the solvent in an autoclave at 120° C under 
repeated heating cycles and afforded EOAE in up to 70 % yield. Importantly, when 
diethyloxalate was generated in situ with excess oxalic acid (3 eq.) in ethanol> in addition to 
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the desired EAOE, 2tf-formyi alanine ethvl ester fNTPAP. ^ J , 
up to 10 % under these conditions A^Z* ? ^ " 3 by ~P rod ^ in 

remarkably. ^ t£mperatUres * e ^ cfNFAE increased 

Another one-pot approach under acidic conditions is disclosed in the patent 
publications CN 86101512 and CN 87100359 A. Here for the Verification step alanine 
was reacted with oxalic acid in an aqueous HCl-EtOH^W ♦ w. ° 
toassisHn-.™^. ^v^^™ 0 .^ 0 ^ Ba^ne was added 



following steps were necessary: 1) dilation of the low boihng con, P on!lL 2 )tZ 
10 of water to dissolve remaining solids 3 . sm , s „h * u ^P^ts. 2) addition 

a , g smds > 3 ' separation of the organic phase, 4) extraction n f 

potapproach. ? ^ "* disadvantages in thisone- 

IS 

The tern, J«,i« t as used herein cotnpriaea raeemic (DJJ-alanina as „eu aa *. 

mefenr" d'^'' "° n "° cidic conditions a base may be added to the reaction mixture In a 
Preferred aspect, the reaction is carried out without the addition of a basTTT 

whereRBlot^alkjdiauchaattiethylamu.e.oriaacvcBcKrti^ • e " > ™ ulaNR » 

methyl pyrrohdone. or mixtures thereof. The tern, W alky." a/uaed herTre^to 
bne.r or branched aUtjl moieties contauuns i-8 Dreferah.„ . a v 
preferredioweraDtyimoietyiaeth^. ''^W^a.^ The most 
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The molar ratio of alanine to oxalate is suitably from about 1:2 to about 1:10, 
preferably from about 1:3 to about 1:6. The reaction is suitably carried out at a 
temperature from about 120 *C to about 200 °C, preferably from about 135 °C to about 
160 °C. 

5 In a preferred embodiment of the present invention* the reaction is carried out at 

atmospheric pressure while ensuring that substantially all of the ethanol produced during 
the reaction remains in the reaction system. This can be accomplished e.g., by carrying out 
the reaction in an autoclave (i.e., at elevated pressure), or, more preferably, under 
atmospheric pressure with efficient cooling of the vapour phase of the reaction mixture, 

lo thus causing the alcohol formed in the reaction to be retained in the reaction system. 

According to that embodiment of the process of the invention, the reaction of alanine with 
the oxalate, preferably, diethyl oxalate, is carried out for about 8 hrs. at about 145 °C to 
about 150 °C with the molar ratio of alanine to oxalate being about 1:4. In still another 
embodiment of the process of the invention, a lower alkanol, preferably one 

15 corresponding to the alkyi moiety of the oxalate used in the reaction, can be added. 

t 

If the reaction is carried out under atmospheric pressure in the presence of an 
organic base the reaction is suitably performed by heating the reaction mixture for about 
4*12 hrs, preferably about 6-10 hrs, to a temperature below the boiling point of the 
organic base. During heating, the temperature is suitably from about 60 *C to about 160 

20 °C, preferably from about 80 °C to about 120 °C, most preferably from about 90 °C to 
about 1 10 °C. Preferably, a low-boiling base, i.e. a base having a boiling point 
substantially below about 135 °C under atmospheric pressure is used. Thereafter, any low- 
boiling organic base is removed from the reaction mixture, e.g., by distillation and the 
reaction temperature is then increased up to about 160 °C for a duration sufficient to 

25 complete the formation of the desired product, EO AE, 

It has been found that in the process of the present invention an N-alkoxyoxalyl 
alanine may occur as an intermediate. N-alkoxyoxalyi alanines (BOA) such as N- 
ethoxyoxalyl alanine compoundare novel compounds and as suchis also an object of the 
30 present invention. They can be readily converted into EOAE by heating in the presence of 
a dialkyl oxalate such as diethyl oxalate and can be isolated from the reaction mixture 
formed in the process of the invention. Thus, the process of the present invention can be 
carried out with or without isolation of EOA. When the one-pot EOAE synthesis is 
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- .... 7 * oxaajoie wiuch on treatment with nll-ni; „„ ^ 

add is converted into imethvi s .~~ * " -™ 1 snbse< l u ently, 

micron], EOA was isolated by column ^™ . Xttx-SSiIMS. 30 m, 0.28 

mm)]. y COlUmn chrom ^a P h y [Merck Silica gel 60 (0.040-0.063 



Bad, solnnon M connected to the reacts ^ „„,,«, ™ ~? ^ °' * 10 % 

20 (after 6 hall alanine was in solution^ rr , . \ (internal temp) for 8 h 

showed 1.2 w /w % N " ^ " * reaCtion 

^ w/ w ^ N-ethoxyoxalyi alanine ethyl ester and 22.3 w/w% NT - 7-T 

observed dunngthe first heating phase Ther M ^ ~T Wo <^° 2 production was 

over 30 min and heated a furZ 8 h L u ^ ^ heated »P to MS- C 
* ethanolweredistmedm:^^ 

occurred.Ba^precipitate^o^^r^ 

mixture at the end of the reaction A™ a m ! ^ ° f Ae reaction 

then./orprodua^GC^ 

» onepotproce S scalculatedfiomd a „inewas73.9^ ^ne) of the 2 step, 
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temperature) for 8 h. The internal pressure following the reaction was circa 5 bar. The 
autoclave was allowed to cool over 15 min and a sample of the brownish reaction mixture 
was removed for GC analysis. The reaction mixture contained N-ethoxyoxalyl alanine 
ethyl ester as the major product in 22.0 GC w/w% and some EOA 0-5 GC w/w%. The 
5 overall yield (EOAE(N-ethoxyoxalyl alanine ethyl ester -h N-ethoxyoxalyl alanine) based 
on alanine was 79.2 %. 

Example 3: 

To a reaction flask under a stream of argon there was added DJL- alanine (8.9 g, 100 mmol) 
ID followed by diethyloxalate (58.8 g, 400 mmoU 4 eq), A gas trap containing 100 mL of a 10 
% aqueous BaCl 2 solution was connected to the reactor's gas outlet in order to trap any 
CO2 produced during the reaction. The reaction mixture was heated at 145° C (internal 
temp) for 7 h (after 6 h all alanine was in solution). GC analysis of the reaction mixture at 
the end of the reaction showed N-ethoxyoxalyl alanine ethyl ester produced in 12.5 GC 
15 w/w% with N-ethoxyoxalyl alanine remaining as the major product 16.0 GC w/w%. 

Overall yield (EOAE(N-ethoxyoxalyl alanine ethyl ester + N-ethoxyoxalyl alanine) of the 2 
step, one pot process calculated from alanine was 95.0 %. 

Example 4; 

20 To a stainless steel autoclave under an argon atmosphere there was added D,L-alanine 
(2.23 g, 25 mmol) followed by diethyloxalate (14.69 g, 100 mmol, 4 eq). The reaction 
mixture was heated at 150° C (heating block temperature) for 8 h. The internal pressure 
following the reaction was circa 5 bar. The autoclave was allowed to cool over 15 rnin. The 
unreacted alanine was removed by filtration (1.5 g, 17.3 mmol; 69.1 % recovered) and a 

25 sample of the light brown reaction mixture was removed for GC analysis. The reaction 
mixture contained N-ethoxyoxalyl alanine ethyl ester 1.0 GC w/w% and N-ethoxyoxalyl 
alanine 3.0 GC w/w% as the major product The overall yield (EOAE(N-ethoxyoxalyl 
alanine ethyl ester + N-ethoxyoxalyl alanine) based on alanine was 26,5 %. The corrected 
yield of the reaction based on recovery of the unreacted alanine was 95.6 %. 

30 

Example 5: 

Apparatus: 500 mL double jacketed 4 neck glass reactor with circulation thermostat 
temperature control (Julabo FPS0-MH), IKA Eurostar Digi-Visc stirrer with Ekato- 
Intermig propeller, Pt 100 thermometer/controller, Dephlegmator, reflux cooler* vacuum 
35 system - Vakuubrand with CVC2 vacuum controller, cold traps, and argon degassing. 
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(44.7 g , SOO mmol, tonowed by dieftyio*^ (298 . s ' 2000 ^^Th 

was stirred at 200 rp m ^ Jurin . , h _ " * 20 °° m ™* 4 «*>' The "^"dot. 

(Mantd temper* Je ISO- C) A^dLsZT * " mttrM ' ttn *««°" <* C 

. P ture 150 C ). At the start of the reaction the dephlegmator was set to s- r- 

' » tod ^oh,etia^,e i rcaohre^ontime.D mto rieco^ ^ 

heated to 70- C and ethano. and other ,„w boiHng comp^ were " 
dtshlled away Son, tire reaction oxer 30 Bin. a, interna! temperature 0,116° cZ77 
vacuum iron, SOO mbar to 400 mbar into a protraction coU.L^t£ ^ „ 
fl =f ^ ^ ^ «* heated to UO" C. The unreal ^ ° 

^*^>«= t^nistille. away 4om the reaetion products over2h i 

oy<jrU and round to contain 77 0 w7w% M u , - 

ethox^y. EOAW^tine) based on ^ ^ % . * «4H ester + N- 

Example f>' 

To a stainless steel autoclave under an * r <rr** * 

» » 10n m o I )fouowedbyetharar«X i ?r P f ^^"^^-^(0.9 
, ooyetnanol( Ls S. 2J rat 40 mmol, 4 eq.) and djethvioiaI>t. « o . 

fcr 8 K The urterna! pressor lowing th. ^ w ^ , J ^J^f 

7 ^ * * * >*" — JrToved 

ror tic analysis. The reaction mixture contained N-emo™,vt,H,, , • t ^ 

(BOABCN-ctito^y, aianine emy, ester ♦ N-etho^ aUrune) based 1 aWe was 



Example 7: 



400 mm* 4 e,.,. The reaction t^Th^o^ fb^ ^ & 
cooled ,„ 2 3 - C ,nd stirred a mrther 2t ^ ^ pt^L^I 

reaction mixture vras isolated by filtration r«! a r^ • Precipitated from the 

- microns). The tdemylamine was ti^o^ " "» °**^ °« 

men me «cess -U^Z^^^^^ ^ " ^ " * 
-bar. 70- C). The remaini„ E crude product (J J^T' 0 '* 0 " (t ° 001 

v ~j a yeuow-gold oil, was analyzed by 
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GC. N-ethoxyoxalyl alanine was found as the major product (80.2 wAw% GC) in a yield 
based on al anin e of 62 %. For isolation and characterization of N-ethoxyoxalyi alanine the 
crude product was purified by column chromatography [Merck silica gel 60 (0.040-0.063 
mm), EtOAc/CH 3 CN 8:2 v/v, 2 % HOAc), column size (8 x 20 cm)] to yield 1.0 g of pure . 
5 EOA (>99 GC w/w%) as an off-white solid and 9.0 g mixed fractions (N-ethoxyoxalyl 
alanine. + monoethyioxalate, which were not efficiently separated under the conditions). 
The purity of the isolated N-ethoxyoxalyl alanine was high enough to allow for full 
characterization of the structure (see below). 

Structure Data; 

10 QHnNOs (189.17): J/-ethoxyoxalyl alanine 

Rf (Si0 2 , EtOAc/CH 3 CN 8:2 v/v, 2 % HOAc) = 0.30. 

mp = 73-74° C (uncorrected). ' 

l H-NMR (400 MHz, DMSO-dU): 5 = 1.28 (t, 7=7.0^3 H, OCH 2 CH 3 ), 134 (d, / = 
7.2 Hz, 3 H, CH 3 ), 4.24 (q, / = 7.0 Hz, 2 H, OCH 2 CH 3 ), 4.26 (dq, / = 7.6, 7.2 Hz, 1 H, 
IS NHCHCH3), 9.02 (d, / = 7.6 Hz, 1 H, CONHCH), 12.70 (bs, 1 H, COOH). 

I3 ONMR (100 MHz, DMSO-d*): 5 = 13.8, 16.5, 47.9, 62.0, 156.9, 160.5, 172.9. 

IR (KBr): v= 3365, 3126, 3006, 1733, 1664, 1539, 1278, 1193 cm" 1 . 

MS (elec Spray, neg. mode): 188.2 (M-H)" 

CHN: calc. C 44.45, H 5.86, N 7.40, O 42.29; found C 44.20, H 5.78, NT 7.11, O 42.58. 
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What is claimed is • 



rj2Z f °* ^ P ? arati ° n ° f alanine al^ esters wfcch comprises 

re.ct.ng alatune w*h a di-alkyl oxalate under substantially non-acidic condition, 

5 * A process as in claim 1 wherein the molar ratio of alanine to oxalate is from about w to 

_ ^L^PE^Wy %om about 1:3 toabouUA__ ._ 

3 Aprocess as in dann 1 or 2 ^ reaction temperatureis from ^ ^ ^ 

about 200 «C, preferably from about 135 X to about 160 »C. 

4. Aproce S sa S manyoneofdainisl-3whereinmereacnoni S carried«ut a t a t u 
reaction system. e 

5. A process as in any one of claims 1-3 wherein tk**. M ^„ • . , 

pressure. Wherem 1116 reacnon 15 «™ed out at elevated 

6. A process as in claim 5 wherein a lower alkanol, preferably ethanol, is added. 
8 hours at about 135 "C to about 160 °C. 

9. A process a, in claim 8 wherein the molar ratio of alanine to oxalate is about 1:4. 
» 10. Aprocess asmdaiml^ 

11. A process as in claim 10 wherein the base is an organic base. 

12. A process as in claim 1 1 wherein the organic base is of the formula NRj where R is 
lower alltyl, or is a cychc t^ary amine or tertiary anude, or n^e, ^eot 

* or^I^^ 

14. A process as in claim 12 wherein the organic base is triethylamine. 



51 " S 9619 B 1WMB9 190 did J0UD3S-1IA alH 



w : 6 eooz'ajvfr 



bLU a ib/- — t — n --- 

-9- 

15. A process as in any one of claims 10-14 wherein the molar ratio of alanine to oxalate is 
from about 1:2 to about 1:10, preferably from about 1:3 to about 1:6. 

16. A process as in any one of claims 10-15 wherein the reaction temperature is in a first . 
step from about 60 °C to about 160 °C, preferably from about 80 °C to about 120 °C, most 

5 preferably from about 90 °C to about 1 10 °C, whereupon any low boiling organic base is 
removed from the reaction mixture and the reaction temperature increased, in a second 
step, up to about 160 °C. 

17. A process as in claim 16 wherein the reaction time in the first step is about 4-12 hrs> 
preferably about 6-10 hrs, and in the second step about 4-12 hrs., preferably about 6-10 

10 hrs. 

18. A process for the preparation of vitamin 8* which comprises preparing a N- 
alkoxyoxalyl alanine alley! ester in accordance with any one of claims 1-17 and converting 
it by known methods into vitamin B 6 - 

19. A process as in any one of the preceding claims wherein the alkyl moieties are lower 
15 alkyl moieties. 

20. N-alkoxyoxalyi alanines. 

21. N-ethoxyoxalyl alanine. 

22. The invention as described hereinbefore, especially with reference to the Examples. 

*** 
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